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NERSC: the Mission HPC Facility for DOE
Office of Science Research

science research in the U.S.
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Particle Physics, Astrophysics Nuclear Physics Fusion Energy, Plasma Physics

7,000 users, 700 projects, 700 codes, 48 states, 40 countries, universities & national labs
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NERSC Platforms

Edison: Cray XC-30
- 3.6 PB

5 x SFA12KE

5PB
DDN9900 &
NexSAN

16x FDR IB

5,576 nodes, 133K, 2.4GHz Intel “IvyBridge” Cores, 357TB RAM

Cori: Cray XC-40

250TB
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OGS 50 PB stored, 240
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capacity

Ph1: 1630 nodes, 2.3GHz Intel “"Haswell” Cores, 203TB RAM
Ph2: >9300 nodes, >60cores, 16GB HBM, 96GB DDR per node 32x FDR B

Data-Intensive Systems

PDSF, JGI,KBASE,HEP Ethernet &

. 2x10Gb
14x QDR IB Fabric X

Science Friendly Security 1 x 100 Gb
Production Monitoring
Vis & Analytics Data Transfer Nodes Power Efficiency Software Defined

Adv. Arch. Testbeds Science Gateways WAN Networking



NERSC Big Data Stack

Capabilities Technologies
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Data Management m
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Data Visualization - l” ParaView

Data Transfer + Access & GridFTP Jupyter

globus online

Data Analytics




Deep Learning Stack

Technologies

Deep Learning .
. Caffe pyrbron (e e chmc e
TensorFlow

Multi Node libraries

Single Node libraries




Big Data Center

What are Data capability applications?
What is the software strategy?

/\ How do we utilize HPC hardware?

# users

? ?

1TB 10 TB | 100 TB | 1PB |
1K cores 10K cores 100K cores 1M cores
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Big Data Center

Mission:

Solve DOE’s leading data-intensive science
problems at scale on Cori

Performance Optimization and Scaling of Production
Data Analytics and Management Technologies
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Big Data Center Collaboration
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Celeste: 15t Julia application to achieve 1PF

Scientific Achievement

— First catalog with parameter and
uncertainty estimates for 188M objects

— 55 TB SDSS dataset processed in 15
minutes on Cori @ NERSC

— DESI instrument will use catalog for
target selection

Statistics Achievement

light source

— Bayesian Inference on world’s largest 84

generative model (in science) e 8 e
— Joint estimation of 8B parameters

. 5'\\0 O
CS Achievement ex

— Code written in Julia, optimized for — ;

execution on KNL ‘
— Code scaled on 9300 KNL nodes o }.
— Uses BB for staging data Bn
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Celeste 2.0: Graphical Model + Deep Learning

» Jeff Regier, Bryan Liu, Jon McAuliffe (UCB); Andy Miller, Ryan
Adams (Harvard); David Schlegel (LBL Physics)

image background

. . ' . ' -

* Auto-encoder and RNN for modeling variable number of light
sources

* G@Gravitational Lensing
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Galactos

e Scientific Achievement

— Computed 3-pt correlation for the
largest scientific dataset (2B
galaxies from Outer Rim) in ~20
minutes

— Code is ready for LSST: 10B galaxies
e Methods Achievement

— Novel O(N?) algorithm based on
spherical harmonics

e CS Achievement

— Optimized KD-tree for spatial Gather & bin, |[Rotate ~ _ |[Expand
partitioning and querying o ‘offec oo “o
— Single node implementation e
achieves 39% peak (max: 50%) \o'e
— Code achieves 9.8PF (mixed * e,
precision). ° ’
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CosmoFlow

* Amrita Mathuriya (Intel); Debbie Bard (NERSC); Pete Mendygral
(Cray); Siyu He, Shirley Ho (LBL Physics); et al.

* 3D CNN implemented in TensorFlow scaled to 8192 Cori/KNL nodes
with Cray DL plugin. 3.5 PF peak performance.
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SC’17:: Deep Learning at 15PF

e Scientific Achievement

— Unified architecture for climate
pattern classification

e Methods Achievement

— Semi-supervised convolutional
architecture

— Hybrid parameter update strategy
* CS Achievement
— IntelCaffe + MLSL optimized on KNL

— 2TF peak on single KNL node
— 15 PF peak on 9300 Cori nodes
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Topological Analysis

e Vitaliy Kurlin, Grzegorz Muszynski (U. Liverpool); Karthik

Kashinath (NERSC)

Stage 1 Stage 2
(_ Topological j o
| Feat_ure I (—Machine Learning_w Label
| Descriptor | | model | abels
[a,b] x [c,d] Extraction 1 x k - o
scalar fields | using_TDA | vectors Svm . honAR | Decision /.(\:
— N LA D | classifier Q. - [ —
\©® o
N -
| X8 | ﬁ Jl
I I
| | TECA labels
Cmnected region-s) (AR: 1; non-AR: 0)
AN

* Method is independent of threshold specification
e Classification accuracy for Atmospheric Rivers: 91%
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DisCo

* Adam Rupe, Jim Crutchfield (UC Davis); Nalini Kumar (Intel); Karthik
Kashinath (NERSC); et al.

* Unsupervised pattern discovery technique based on computational
mechanics; capable of recovering coherent flow structures

* Implemented in Python

Office of

AW U-S- DEPARTMENT OF
L )’
N ENERG I Science




ﬂ

BERKELEY LAB

Lawrance

~
rreeeere

Office of
Science

DEPARTMENT OF
'ENERGY

u.s.

Berkciy Natonal Laseratory




Graph NNs for Neutrino classification

* Nick Choma, Joan Bruna (NYU); Federico Monti, Michael Bronstein
(ICS, U. Svizzera); Spencer Klei, Tomasz Palczewski (LBL Physics); Lisa
Gerhardt, Wahid Bhimji (NERSC)
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IceCube In-Ice Array

86 strings including DeepCore »
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DeepCore

8 strings optimized for lower energies +
7 standard central strings

480 + 420 optical sensors

Eiffel Tower
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etalumis

* Frank Wood (UBC); Gunes Baydin (Oxford); Kyle Cranmer (NYU); Lei
Shao (Intel); Wahid Bhimji (NERSC); et al.

* Goal: Pattern classification and anomaly detection on HEP data
* Approach: Combine Probabilistic Programming and Deep Learning
* Dynamic, hybrid 3D Conv + LSTM architecture

pyprob + PyTorch ()
(Python)
. ;L,/ -AJ;;’-' .
i

SHERPA (C#++)

Probabllistic
Programming
Execution Protocol /

“» PPX
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Data Analytics on Cori

# users Spofllg »

+ !

TensorFlow

juig——

SC’17
1K | 10K | 100K | 1M cores |
cores cores cores
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Broader Deployment / Availability [l e}

* Performance enhancements incorporated into builds of Julia, Caffe,
TensorFlow, MKL-DNN, MLSL, Cray DL plugin, ...

 NERSC software builds and documentation has been updated

* Select applications being converted to benchmarks
— Deep Learning benchmark suite for analytics
— Celeste 1I/0 benchmark
— ‘Workflow’ benchmark
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Conclusions

* Big Data Center collaboration is enabling capability applications on
Cori
— NERSC: Domain Science drivers in Astronomy, Cosmology, Climate and HEP

— IPCCs: State-of-the-art research in Deep Learning, Graphical Models,

Probabilistic Programming, Topological Methods and Computational
Mechanics

— Intel and Cray: Performance Optimization and Scaling of Production Data
Analytics and Management technologies

* We intend to share lessons learnt, code, benchmarks with the
broader community

* We welcome collaborations!
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Thank You!
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